Propranolol is a β-blocker used to modify or restore normal heart rhythm in cardiovascular diseases. The aim of this study was to compare the dissolution profiles of 40-mg tablets of propranolol available as a reference, generic, and similar drug product, sold commercially in Bahia, Brazil, using a sensitive and rapid ultraviolet spectrophotometric method. The dissolution test was used to obtain and compare dissolution profiles and establish similarities of pharmaceutical formulations in compliance with the Brazilian and United States Pharmacopoeias (USP type 1 apparatus at 100 rpm with 1000 mL 0.1 mol/L HCl at 37.0 ± 0.5 o C for 1 h). The similar and generic products showed rapid drug release (> 75% after 1 min of dissolution). The reference product showed a controlled drug release profile (> 75% after 15 min). In presence of sodium lauryl ether sulfate (SLES) 1% (v/v) with propranolol, drug release profiles were slower, likely by chemical interactions between SLES and propranolol. Drug release profiles were satisfactory for all products, because at least 75% of propranolol was dissolved in the medium within 30 minutes.
INTRODUCTION
C ardiovascular diseases (essential arterial hypertension, ischemic heart disease, cardiac arrhythmias, and others) are among the biggest cause of death in the world, being prevented or treated by several drugs, including β-blockers, used to modify or restore normal heart rhythm (1) . Among the main drugs in this group, propranolol, designated chemically as (RS)-1-(isopropylamino)-3-(naphthalen-1-yloxy)propan-2-ol ( Fig. 1) , a non-selective β-blocker agent, is observed, decreasing frequency and myocardial contractility during periods of intense sympathetic activity, resulting in decreased cardiac output (2) .
The mechanism of the antihypertensive effect of propranolol has not been established. Factors that may contribute to the antihypertensive action include: (1) decreased cardiac output, (2) inhibition of renin release by the kidneys, and (3) diminution of tonic sympathetic nerve outflow from vasomotor centers in the brain (3) . Propranolol is a lipid-soluble compound and its dosage form as tablet is completely absorbed by the oral route (4) . The bioavailability of propranolol depends on the degree of liver metabolism. Although the drug is some 90%-95% bound to plasma, hepatic removal is so rapid that both bound and free forms are extracted, and the drug shows a short plasma half-life, approximately 2-6 hours (5-7).
Used as a hydrochloride, propranolol is available in three manufacturing categories in Brazil: reference, generic, and similar drugs (8) . It is marketed in Brazil in the form of tablets (10, 40 , and 80 mg), capsules (80 and 160 mg), powder (40 mg), and solution for injection (1 mg/mL). "Similar" drug products contains the same active ingredient and has the same concentration, pharmaceutical form, route of administration, posology, and therapeutic indication, and is equivalent to the medicine registered in the federal agency responsible for sanitary surveillance, and may differ only in characteristics related to the size and shape of the product, shelf-life, packaging, labeling, excipients, and vehicle, and similar drugs must always be identified by trade name or brand (9) . Propranolol is soluble in water and permeable to the cell membrane. It is classified as a class I drug according to the Biopharmaceutical Classification System (BCS) and can be assessed for bioequivalence by using only the dissolution test (10) (11) (12) . In vitro dissolution testing is an important tool used for development, control, and approval of generic dosage forms. It can also be used to predict the in vivo performance of certain products (13) . Drug dissolution (or release) testing is used to assess release profiles of drugs in pharmaceutical products (14) . One of the required pharmaceutical equivalence tests is the comparison of similar and generic drug release profiles to that of a reference drug. Drug dissolution profiles may be distinct due to differences in formulations and manufacturing processes, but the differences must not compromise the bioequivalence of the product (15) .
Several pharmacopoeias, such as Brazilian and United States, recommend the use of UV spectrophotometry for the quantitative analysis of the drugs in dissolution test samples. As a class I drug, there are few studies of propranolol's dissolution kinetics (16) (17) (18) (19) (20) ; however, the presence of excipients and polymorphisms may alter the release of this drug (21) . In the present study, we obtained in vitro dissolution profiles using a UV spectrophotometric method to evaluate the release of tablets containing 40 mg of propranolol (reference, generic and similar drugs).
MATERIALS AND METHODS

Chemicals, Reagents, and Samples
All reagents were of analytical grade. Doubly distilled water was obtained from a Q341 Quimis distiller (São Paulo, SP, Brazil) and used throughout the experiments. Hydrochloric acid (HCl) was purchased from Quimex (Merck, São Paulo, SP, Brazil) and used as the dissolution medium for the dissolution tests. Sodium lauryl ether sulfate was purchased from Usiquimica (São Paulo, SP, Brazil) and used for additional tests. Propranolol reference standard was purchased from Sigma-Aldrich (São Paulo, SP, Brazil).
Two lots of each type of propranolol tablets (reference, generic, and similar products) containing 40 mg were used. The medicines for disintegration and dissolution tests and for profile comparison were purchased from three drug stores in Salvador, Bahia, Brazil. The samples were designated as:
Product R1 (reference product): labeled to contain 40 mg of the drug and the following excipients: magnesium stearate, gelatine, and lactose monohydrate.
Product G1 (generic product): labeled to contain 40 mg of the drug and the following excipients: maize starch, microcrystalline cellulose, croscarmellose sodium, silicon dioxide, and magnesium stearate.
Product S1 (similar product): labeled to contain 40 mg of the drug and the following excipients: sodium starch glycolate, microcrystalline cellulose, silicon dioxide and magnesium stearate.
The propranolol tablets were subjected to weight variation, disintegration, and dissolution tests following the Brazilian and United States Pharmacopoeias general methods applied to drugs (22, 23) .
Equipment
The analysis of the weight variation was obtained on an electronic balance (Mark, M164-AI, Piracicaba, SP, Brazil). The friability tester was an Ethik Model HX 300-2 (Vargem Grande Paulista, SP, Brazil). The disintegration analyses were carried out on a Nova Ética system Model 301/AC 01 (Vargem Grande Paulista). The dissolution analysis was carried out on a multi-bath (n = 6) dissolution test apparatus: Ethik Model 299 (Vargem Grande Paulista) in accordance with the Brazilian Pharmacopoeia and United States Pharmacopoeia general methods. All spectrophotometric measurements were carried out using a Shimadzu model 1240 (Kyoto, Japan) UV-Vis spectrophotometer (190-1100 nm) equipped with a diode array detector. The absorbances of sample solutions were read in 1-cm quartz cells. The detector was set at 289 nm.
Calibration Standards
A stock standard solution of propranolol (500 µg/mL) was prepared. Calibration standards with concentrations ranging from 5.0 to 40.0 µg/mL were prepared daily from the stock standard solution by appropriate dilution and analyzed in triplicate by UV spectrophotometry at 289 nm.
Weight Variation, Friability and Disintegration Tests
For each brand, 20 tablets were randomly selected and weighed individually in the analytical balance. The average of weights was determined and the percentage deviations from mean values were calculated. The percentage weight variation for each tablet was estimated according to the following formula, where AW is average weight and IW is individual weight: (AW -IW) / IW × 100. The Brazilian and United States Pharmacopoeias establish a maximum variation of ± 7.5%, and no more than two units outside the specified limits may be tolerated in relation to the average weight, but none may be above or below twice the indicated percentages (22, 23) .
For the friability test, 20 tablets were randomly selected, weighed and placed into the Friability Tester at 100 rpm for 4 minutes (25 rpm). The tablets were weighed again, and the differences in weight were calculated as the percentage of friability. The same was done for all selected brands. The difference between the initial weight and the final weight represents friability, that is, a measure of the percentage of powder lost. In accordance with Brazilian and United States Pharmacopeias, no tablet may be present at the end of the test, broken, chipped, cracked or split. Tablets with loss equal to or less than 1.5% of their weight or the percentage set forth in the monograph are acceptable.
The disintegration test checks if tablets disintegrate within the specified time limit, when six units of the batch are subjected to the action of specific apparatus under described experimental conditions. In the disintegration test apparatus, six units of each sample (tablets) of each brand were used under the following conditions: distilled water as disintegration medium at 37 ± 1 °C and time of 30 minutes.
Kinect Dissolution Studies
Dissolution studies of 40-mg propranolol tablets were conducted using USP Apparatus 1 (basket) with six replicates at 37 ± 0.5 °C and 100 rpm, and 0.1 mol/L HCl was the dissolution medium (1000 mL). In all experiments, aliquots of 10 mL were withdrawn at predetermined time intervals (1, 3, 5, 10, 15, 20, 25, 30, 45 , and 60 min) and replaced with an equal volume of fresh medium to maintain a constant total volume in each vessel. Following filtration of dissolution samples using 0.45-µm membrane filters, the concentrations of propranolol were determined by the proposed UV spectrophotometric method. The absorbances were converted to concentrations obtained from the equation on the standard curve. The calculations were performed considering the amount of drug removed in each aliquot. The results were expressed as percentages as a function of time. Also, the influence of sodium lauryl ether sulfate 1% (v/v), a tensor agent commonly used in formulations, on the release of propranolol was investigated.
Dissolution Efficiency
Dissolution efficiency (DE) was used to evaluate the product dissolution performance under test conditions. This parameter was obtained from the area under the drug dissolution curve up to 60 minutes (AUC 0-t ), in relation to 100% of the product label value (AUC TR ) (24) (25) (26) . DE was expressed as a percentage and can be set by the following equation: AUC 0-t / AUC TR × 100, where t is time (min) and TR is the product label value.
DE values were statistically analyzed using the Student's t-test with a significance level of p ≤ 0.05. Factors f1 and f2 were not calculated because propranolol is a drug class I, according to the criteria in the literature (26) . The DE results of the tested products were subjected to analysis of variance (ANOVA) using the Statistical Package for the Social Sciences (SPSS) software (version 22.0, IBM).
Validation of Analytical Method
The dissolution test was validated to demonstrate suitability (25, 27) . Thus, analysis of linearity, precision (repeatability and intermediate precision), and accuracy were performed. Limit of detection (LOD) and quantification (LOQ) were also obtained for the proposed UV method. Possible interferences were evaluated by testing the components of the formulations and comparing to a placebo.
RESULTS AND DISCUSSION
Validation of Analytical Method
UV spectrophotometry has widespread usage in drug analysis because of its capability for rapid analysis with good repeatability (26) . The samples obtained from dissolution studies were analyzed at 289 nm. There was no interference from matrix components. The method was validated to demonstrate precision and accuracy. Linearity of propranolol's standard calibration curve was obtained with a regression equation (y = 0.0187x + 0.0052) and a correlation coefficient (r) greater than 0.99 in the concentration range studied (5.0-40.0 µg/ mL), which was used to calculate the amount of the drug dissolved in each sample. Propranolol concentration measurement accuracy was determined by average recovery (98.3%-99.1%). The precision of the UV spectrophotometric method was evaluated using values recorded on the same day (intraday) and alternate day (interday) in dissolution test standardized conditions. The relative standard deviation (RSD) values were less than 5%, considering the UV method satisfactory.
Average Weight, Friability, and Disintegration Tests
Weight variation evaluation is applied to solid pharmaceutical forms (tablets) and allows for verification if tablets of the same batch have uniform weight. The objective of the weight variation test is to ensure good manufacturing practices. During tablet production, powder mixing is an important step, as lack of homogeneity of active ingredient and excipients may compromise product quality and safety, and variations in the contents may lead to harmful effects. Therefore, this test provides information on homogeneity, but does not provide information about the uniformity of drug content in each tablet (23) .
The results showed that drugs reference and generic drugs have satisfactory weight variation values according to the Brazilian Pharmacopoeia (for capsules weighing up to 250 mg, the allowable variation range is ± 7.5%). The analyzed samples had a weight variation between 179 and 216 mg, with a variation of ± 5.81%. The similar drug product had variations of weight of 9.90%, disagreeing with the Brazilian and United States Pharmacopoeias.
The results demonstrated that tablets have adequate friability. The reference drug showed loss of powder ranging from 0.05% to 0.31%. The generic drug did not lose powder during the test. The similar drug product showed loss of powder less than 0.2%. The test results of friability demonstrate that all three drug products comply with the Brazilian and United States Pharmacopoeias. The disintegration test is used to check if tablets disintegrate within the specified time limit when six units of the batch are subjected to the action of the specific apparatus under described experimental conditions (23) . Failure to disintegrate the tablets at the specified time can cause them to be eliminated intact or fragmented, not being absorbed by the body and therefore not producing the expected therapeutic effect, affecting the therapy. All formulations met the official compendium requirements for tablets (disintegration time of 30 minutes). Disintegration times are showed in the Table 2 . Differences in disintegration times were noted between the reference drug and the generic and similar drugs. These differences are due to the presence of different excipients in the formulations. Generic and similar products contain a greater amount of excipients with disintegrating functions compared to those in this reference drug.
Product Time
Reference 5 min 14 s 
Dissolution Test, Dissolution Profiles, and Dissolution Efficiency
The Brazilian and United States Pharmacopoeias recommend that not less than 75% of the propranolol label amount (40 mg) must dissolve within 30 min. Several factors may affect rate of disintegration and dissolution of drug, such as the nature of the excipients, friability, compression force, hardness, polymorphisms, crystalline structure of drug, and isomers (28) . All products were analyzed according to the official compendium recommendations. The reference, generic, and similar drug products had variations in the release of propranolol at the time points studied. Figure 2 gives the levels of propranolol in the dissolution media at 30 min. In this time, all products released more than 75% of the propranolol label amount. Drug dissolution profiles are increasingly used to evaluate drug release characteristics of pharmaceutical products, formulation development, and final products for batch quality control and establishing similarity between test formulations and reference products (29) . The results showed that the drugs are in accordance with the pharmacopoeial specification, since they released more than 75% after 30 minutes of test. When comparing the dissolution profiles of the products, there is similarity between the generic and similar drugs.
Within the first minute of testing, more than 90% of the drug was released from both formulations. For all times studied, the drug dissolution profiles of generic and similar drugs practically overlapped, indicating similarities in their dissolution profiles until the end of the test. One hypothesis for this is the presence of excipients with disintegrating functions in the generic and similar drug, which confer a faster disintegration time compared to the reference drug, which does not contain an excipient with a disintegrating function. Simultaneous assessment of the chemical and physical characteristics of the excipients present in the analyzed product is critical to justify possible variations in tablet mass as well as in disintegration and dissolution results (30, 31) . Because the drugs presented rapid dissolution profiles (> 75% in 15 min), the f1 and f2 factors were not considered.
In vitro dissolution tests are important for predicting information about the bioavailability of a drug, as they link the dissolution profile (in vitro) of drug release with bioavailability (in vivo). These tests show pharmaceutical equivalence (same biopharmaceutical specifications of the test and reference products), which is relevant given the possibility of interchangeability between drug products (32). This is extremely important, because many patients search the lowest cost medicine to replace not only reference drugs with generic or similar products, but also generic drugs for other generic and similar products (33) . In this study, the results showed that the reference, generic, and similar drug products analyzed are equivalent. (35) . To assess the influence of tensioactive agents, the dissolution tests were conducted in sodium lauryl ether sulfate (SLES) 1% (v/v), an anionic surfactant, which, according to the hydrophilic lipophilic balance (HLB) classification, is considered hydrophilic due to the its high HLB value (estimated at 40) (36) . The use of surfactants in dissolution media is one of the main ways to increase the solubility of insoluble or slightly water soluble drugs (11, 36) . Theoretically, propranolol, being a class I drug by BCS, would not require surfactants incorporated into formulations containing propranolol; however, in the formulations analyzed, some disintegrating agents were present on the labels (starch, microcrystalline cellulose, sodium starch glycollate, and croscarmellose sodium). In this context, we chose SLES due to low cost and availability in the laboratory. Figure 3 shows dissolution profiles of propranolol in presence of SLES.
As a surfactant, SLES was expected to accelerate further dissolution of the drug; however, it slowed down the process by 20%-30%, influencing the dissolution. Some hypotheses to explain the occurrence are proposed: 1) propranolol has a polar part, which may have undergone interaction with SLES, generating a complexation reaction (Fig. 4) and delaying the dissolution process, because the surfactant's action is reduced due to binding in polar substances; 2) SLES can undergo acid hydrolysis and the pH value of the final solution was 4.4, which may have reduced the action of the surfactant (30) . SLES is an anionic emulsifier, which generates an electron-donating effect on the molecule. This portion of sulfate can interact with several molecules, to the point of influencing the release of propranolol, forming a complex with itself (38) . As seen in Figure 4 , the propranolol molecule has partially positive charge points on some carbons adjacent to an electron withdrawing group, such as oxygen, amine, and hydroxyl. Also, there is an effect on hydrogen bonding, since propranolol has portions with electronegative elements (nitrogen) that can undergo this type of binding. These hypotheses are based on the chemical groups present in propranolol and their reactional capacity.
The quality control carried out in pharmaceutical industries is controlled by regulatory agencies, which is extremely important to ensure the microbiological and physical-chemical quality of the materials and final products. Several factors related to the drug, the reaction medium, and the production can influence the kinetics of dissolution. The development of biopharmaceutical studies is essential for ensuring the quality control of solid oral dosage forms.
CONCLUSION
Propranolol tablets (40 mg) were analyzed across general tests (weight variation and friability) and kinetic dissolution studies (disintegration and dissolution tests). A rapid and sensitive UV spectrophotometric method was developed with good linearity, precision, and accuracy. The products met the Brazilian and United States Pharmacopoeias recommendations for disintegration and dissolution tests. The dissolution profiles showed a rapid release of propranolol in generic and similar drug products. In the presence of SLES 1% (v/v), propranolol release was slower. Drug release was satisfactory for all 
